Introduction
Crystalline glaze is one of the ceramic craft that has been produced since 19th century in Europe [1] [2] . Knowless and Freeman [3] stated that crystalline glazes are devitrified glazes within which spherulites consist of crystalline phase (willemite) produced during controlled nucleation and growth process. Devitrified glaze literally means the loss of glassy characteristic as what happen with crystalline glaze products. Besides that, crystalline glazes have a higher gloss firing temperatures when compared to ordinary glaze in order to achieve the molten state of glaze. Depending on the type of substrates used, the glaze gloss temperatures can be ranging from 1250-1480 o C. Therefore, the temperature can be reduced by adding the correct amounts of fluxing agents into the glazes. Furthermore, metal oxides addition as fluxing agents can caused marked changes in the growth of crystals structure. In this study, calcium carbonate (CaCO 3 ) was used as a fluxing agents besides zinc oxide (ZnO) in crystal glaze batches. The effects of CaCO 3 addition on crystal phases and physical properties of the glazes were investigated. All the bisque substrates and glazed samples were fired under oxidizing atmosphere in an electrically heated furnace.
Materials and Methodology
Three batches of ZnO-based crystal glazes were added with CaCO 3 1.0 (CG1), 3.0 (CG3), and 5.0 (CG5) wt% respectively whilst one batch act as a reference (CG0) (Tab. I). Each batch was wet milled using grinding balls in a porcelain jar for 5 hours. The milled slurry then sieved through 75-µm sieve and aged for 24 hours before been applied onto flat bisque fired ( 
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Results & Discussion
The presence of willemite crystals (Zn 2 SiO 4 , ICCD no. 037-1485, hexagonal internal structure (space group R3) with a = 13.9381 Ǻ, c = 9.31 Ǻ) in each of the following crystal glazes (CG1-CG5) fired using FC2 was confirmed by XRD result as shown in Fig. 1 . This result is agreeable with the previous studies by several researches [3] [4] [5] [6] .
. Fig. 1 : XRD diffraction patterns of crystal glazes fired according to FC 2
In Fig. 2 , observation done by the SEM analysis shown a formation of spherulite on the surface of crystal glaze after been fired using FC2. The SEM micrograph shows two different regions on the glazes surface, named the remnant glaze and crystal structure. The remnant glaze is the surface (darker area) of the background behind the spherulite (brighter area) as shown in Fig. 2a whilst the brighter is the spherulite. Spherulite image at 1000x magnification (Fig. 2b) showed that the willemite crystals is in the shape of acicular needle like. The grouping of these crystals will create a distinct shapes, which is called spherulites [3, 7] . Fig. 3 . It is obvious that after an addition of 5.0 wt% CaCO 3 , CG5 (Fig. 3(d) ) becomes more fluid compared to the reference glaze and travels double the flow for CG3 as seen in Fig. 3(c) . The result showed that an addition of 5.0 wt% CaCO 3 increase the fluidity of the glaze making it less viscous and retards any willemite crystal formation [7] . 
Conclusion
The XRD results proved that the crystalline phase occurred phases on the surface of the crystal glaze is willemite (Zn 2 SiO 4 ). The intensities of willemite crystal in the crystal glaze was reduced respectively with the increasing of CaCO 3 content until 3.0 wt% and no crystal formation was observed at 5.0 wt% CaCO 3 . SEM shows that willemite crystals are in the form of acicular needle like shape and the accumulation of these crystals creates the spherulites morphology. The glazes also flows further during firing as the amount of CaCO 3 increased.
